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1 

PROCEDE ET INSTALLATION DE FORAGE ET DE CHE MIS AGE D*UN 
PUTTS, NOTAMMENT D*UN PUTTS DE FORAGE PETROL I ER, AU 
MOYEN DB TRONCONS TUBUL AIRES ABOUTES INTTIALEMENT 
SOUPLES, ET DURCIS IN SITU 

UpreMte invention ccoct^ 
aomnmcn t impute de Tongs pefeolier, an moyea d*ua ensemble de tronoous tubulaires 
- ou preTonnes - pmiliiiBt, initiakment soupks, aptes » ctre repliccs longitnrfinalement 
iurdl»^ntoeipourtolntn)daittt 

5 reft* d'tiae pitssion interne pour prendre one fonne cytindrique. et enfin a tot 
riatiftccs in situ par polymerisation de lew parol, r en c om bre m ent transversal d'uae 
prtfonne reptile tent de dimension maxtmak sensiHement iafdricure k ion diimetre 
intern a l*tedeplte\et lesdites preTormes posseoant one portion d'exiremite" doot le 
diametre - apres depliement - est legeremect supeneur a celui de la preTorme, oe qui 

10 pennet leur joncoon boot-4-boct par emboTtanmt, avee lecouvrement de ladite portkw 
d'extrtaitf. 

Ainsi. en recourant a ce type de pceTorme. qui est coanue en aoi 
• notamment par le document WOA-94/21887 - ii eat possible d'obtcair ua cbemisage 
d'imtfainetrc constat surtouteU 
15 Acete*aid.tta»riemdeiapp^ 

traditionneU constitues par des tubes en actcr. on cat oblige* d'utiliser des troncous 
ajbulafa ti iflcscopiqiics, I diametre decroianuit en direction du fond du putts, ce qui pose 
des probttmes d'installation et d'ccpWtation trfteriewe du pints. 

L'objectif de I'lnvention est de proposer un proceed* de forage ct de 
20 chemisafe du puits, a I'aide de preTonnes du type mentionne ci-dessus, qui puisse toe 
mis en ocuvre de maniere simple et rapide, a faiblecoflL 

Four cela. et confonne~menl a V invention, on commence par mettre en 
place un premier tioncp^ 

25 Uprc<^ scion TiinrentkM com 

a) on fait passer axsalcment, de haut en bat, a travers ledit troocpo, un 
outil de forage, et on fore au -dessous et dans le prolongement <te ce troocon un tiou de 
forme ctdeprofcadewadapttopw 

b) on retire 1 'caul de forage ; 

30 c) on introduit une preTorme, k Vim replie\ a I'inteneur du junta en U 

faisant traverser fctrooctt 
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du trou, an portion d'extrerai u« haute venant se placer a rintericur dc la portion dcx- 
Cr6mia6 teste du troncon ; 

d) on tntrodutt ua dmeat fluidc au food do trou, autour dc la portion 
d'exnemite' beast de ta preTonne ; 
5 e) on introdmt un fluide sous pression, de densitf superieure 4 la densitt 

du draeiii. a rmi^cur dc k prtf 

bas en hauien reToulant le dment, element de basen haul, autoorde la preTonne, 

centre la paid du trou ; 

0 tout ca miimcnant la preTorrae tow pression interne, on en cfcaufTe la 

10 pan* pew Upotymeriwy; 

g) ie dmeat lyant pris, et la preTonne ayaat durd pour coostituer un 

troopontubiilairerigktedec^ 
goollase el a U pdymeiisation de ta 

h) on reitere 1 'operation pour let teoncons suivants. jusqu'a obteuir la 
15 longueur de pdtt chemise* mb ritfr 

Lorsque, eomme ceU sera expuque* plus loin, ta preTonne pretense des 
reserves de resine aptes a mi grer vers 1 * exterieur pour former des venous aniwiaires" 
d'&aacati t£. le positionnerneni de ocs venous est realise* au delxit de T&ape f ci-dcasux. 

r^fnaniereparticuliercinem 

20 get™ tie^iptes occupy 

premier eat d'eucombreneat minimal, liti penncttaot de passer a rimetieurdu troncon 
dejacfl place, ua second luu, d'eacombrement interm61iairc, pour le forage dc U pwtie 
prwripalc du trou et un troisieme emt, d'encombrement maximsJ , pour 1c fortfe de la 
parte dutroudestirjeeirecevdrUporti 
25 Draun mode de realist 

j^pdymerisationte^ 
i double vslvepUcee en partk basset 
ndctedcgodlas^annlafkurd^ 

L'iostauatkn de forage et de diernisage, qui fast egalement partie de la 
prtente mvcsm\a% servas< aU 
qu*eUecompread,c» 

- une bobine de stockage et de reception. 1 Teat enroule\ de ladite 



- une tele surplombant Tentree du puits, apte a pennettre le sjaaafc et 

35 rfotrodudia* 

du pints ainsiqu'au gonflage et a la pdymerisstionde La preTo 
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- des bobinca de itockage a I *euU enrouie* de tubes meulliques 6Ustique< 
mot dtfomiBbles aptes i fatre 

de ccs tubes contenant on cable servant a l'alimentation de U preTorme ea courant 
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-ungeoeYiteurcfccouramflectrique. 

D'sutres exnetenattques et avantages de I invention apparaltront de la 
description et dea demos annexes qui en representent, a simple titre d'exemples nan 
liimtatiftunmodede 

SurcesdessiBs: 

- let figures 1 a4 iont des vuej schtmatiques, en coupe axialc mootraat 
les different** Stapes dc 1 'openUioix de forage de la partie de puits qui doit rtcevoir Is 
pceTonne ; 

- Is figure 5 est une rue schematique d*me preTorme ctderoutillagedont 
die cat solidaire, avaat mise en place, dam le puits ; 

- les figures 6 et 7 son! des vues partieUcs de I'extremite basse de la 
preTonne, desunees a illustrer le principe dels double valve dont est pourvue U ttte 
d'outUlage; 

~v .Iesrigura8sl5lltaatie«lesdtir 
t ^J |MeTc<mesiibc4itd*ufltioc^de)acopUoe; 

20 - la figure 16 represente sefcematiquement. en coupe sxiale, uo puits 

ctaniss par trois uoocooscoajdwsoouies; 

- La figure 17 est une vue schemsiique moutrant les diffeients mateneb 
conttfanfr de I'tostaUation. situes en surface (tte de puts) ; 

• les figures 18 a30 - k ecneile plus petite - mustrentlefoc^kxmeroentde 
25 rmstallalicjnsttcouisd^ 

Ls figure 1 represente L'extremiU basse d'un puits vertical en cours de 
forage el de chemisage. Cc puits, incompietement fore\ comporte un cbemisage deja en 
place sous forme d'un tube cytiodrique rigide 2 presentant une portion d'extremite basse 
20elargie. 

30 LBdisineueDdecedeparue20estle^ 

d de la partie prlndpale 2, si bien qu'U est possible d Writer les uns dans les autres des 
troocons 2, svec recoovremcnt des parties d'extremite* 20. 
Utrcooondecbenusage 2 est scelU 

que 2001 

35 Nous alkns msiatenant decrirc de quelle maniere va toe mis en place, i 

Tatde du prooW de Tinventio^ 
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Pour cela. comme illustrf tux figures 1 a 4, on commence par forer un 
nou destine* k recevoirce tronfon. 

A eel elTet oo utilise tin outil de forage 1. du genre trypan, qui a la 
particulars t£ de pouvoir etre rf tract* ou dilate radialemcnt. dans trois etats d'encom- 

5 brement dUTerents. 

Dans uo premier tot. illustrf k la figure 1. Tonal est rftrac* au maximum 
de idle maniere que an plus grande dimension tnms vera a te antorise ton libra passage a 
rititteurdutttjoooni 

Dnnsceteotf,»onencombcenieatesto^ 
10 De maniere counue, routil de focage 1 est fix* a rextrfmite (Tune tige 

tnbulaire 10, qui porte le meteor d^trttocmcnt (non rcprfaen^ de routil en rotation, et 
let organes assurani son denotement ousacontimctioora<fiale, 

Comme on le vena plus loin. Udge 10 est mootee k I'extrfmi* d'nn tube 
nnftalliquc apte k etre enrould sur un tambour rfcepteur dispose cn surface, ent&ede 
IS puits. 

Duns uo second ecu de o^ploiement racfial. illustrf k La figure 2, la parte 
conpa ntc 12 de Pootil posacde un diametre de travafl sensiblcmcntcgal aD. 

L'outil ayant desceodu axialorncot dans le puits, a tramaa le tubage 2 
deja en place, on pcovoque ce deploiement radial au diametre D loraqu'tl est arrive* k 
20 l'inteiiewde la portion clarg*e2& On acuoone ator* routil en rotation, lout ea poursui- 
vnrtsa&aceitfe comme fflu^ 1* 

On rtaliae ainsi le forage d^m tm 
troncon 2, dans k protongemcnt dccelui-ci, dans Ic sol S. 

La profoodeur de forage correspond k la longueur du troooon que Ton 

25 soubaitomeOre en place, 

L'outil I possededes organesde coupe addiuonnels il qui peuventetre 
deployea radialemcnt a un diametre supeneur k D, afin de pouvoir rccevoir la portion 
elargfe du troncon i mettre on place. 

Comn»iUustrfalafigure3.n^ 

^^Tlafi^ 
outrou3,parUreTeitnoc31Uparoi<te 

basse du trou, dont le diametre D est Ic rotoc que cdui de U paitie 3a 
La peTooiie 4 representee sche^^ 
35 g**rai que orile dtoite en detail dans le WOA-94/21887 deja cite. 



2741907 



Neanmoins, die est ddpourvue dans a parte basse d'un organe obturateur 
gon/Uble, du fait qu'on a affaire 4 un irou borgne ; de plus, la preTorme 4 possede une 
portion dVxtremite* basse 40 de section elargie. 

U preTorme 4 at supportee par ujm tobulaiic 5 en wer. enroolal^ 
5 sur un tambour de stockage alue" en surface, et qui pennet de la fairc descendre a 
rinterkordu putts, et de hri foumir tafhddos de rirnentarion et de gonOage, ainri qoe 
I'energie tiectrique poor U polyraenation de la preTorme, par HntenneViiaire d'un 
dispo»nTd>raccordem*n^ 
ta|weTonMsetieiaccofdam« 
10 Ce type dctiged'ader enroll 

par k tonne anglais -COILED TUBING* - en ata^-CT.--. 

Comme oda est decrit dans le WO-A^4«1887dejadte\U preTonne est 
obniree aees exu^nute* haute et basse, de maniere tenche, par to manchons arracha- 
bins et/ou decoupabiea en Tin d'opemuon. 
15 La lete diatribatrice 51 pooedc une double valve 52. 53, actionnable 

sdecti vemenc (depds In surface), 

Comme illustre* aux figures 6 et 7. la valve 52 pennet de distribucr un 

flukle de gonlatBal v tnie^nte 

dism"bucr un dment Hnide a la baw de la n^ 
20 Comme iUuitrf alafigure8, U preTorme 4- qui se trouve initialemenr a 

ram radialeinentreptic*- eat deacendue dans letrou3 Bdalement ,dtthamvOTlefaaa.l 

travmktroncona>rVmhsgr2de>eDpl^ 

Bien cnsendu, pour que ccd soft poadble, U eat ne«asaireq»renconv 

biemeattransveisdde la preTorme 
25 depiice. qui correspond a cdwdutubage2dejlcnplace, 

Lotsquc la preTorme est rcpliec iur eBe-meine, die presenie une section en 

"IT ou en forme d'escargot - comme Mustr* par exemple anx figures 6A et 6B, 

respecti vement do document WOA-94/2S655 ; lorsqu'dk est deptiee die present* une 

section circulate. 
30 Uprtfc™4c^poMUccncc 

d'extremitf plus large 40 ae trouve en regard de Pelargisaaaent de puto 31 ; la longueur 
du trou 3 est d&enninee pour que, dans cctte position. In portion aupeneure de la 
pitTonnc ae nryuveen icga^ 

On piocede alors a 1 Injection d' une dose deefanemliquide6nUlmdeln 
35 preTonne, via U valve S3 ((leches J, figure 9). 

Le cunent est choisi pour avoir une dentin! voistne - voire legerement 
aupeneure * de ceUe de la bout Iiquide7 se Uouvant dans le puits. 
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L'anivee de dment a la base de la preTorme dasse done cette bone vers le 

haut 

Comrae illustre* & la figure 10. on precede ensuite au gooflage de U 
preTorme, en injectant un fluide sous pression a rinterieur de cclle-d. via U valve 52 
5 (flecbesl). 

11 s*agit soil d'un liquide introduit de I'exteneur (depuu la tile de putts) 
perleandmt5damU!^or^ 
puits et pompe* dans la preTorme. 

Le tkpxide de gonflage est avantageusemeut ctaisi pour avoir une densite* 
10 te^eranertfioperiera 

gonflage va se faiie prograwvement du baa ven le haut, comme symbolise* par lea 
necbeaGalafiguns la 

A deTaut, la progression du gooflage du bas vers le hart peut toe controMe 
en pcevoyant, le long de la preTorme, une senc de baguea de contention frangible*, dent 
15 leseuUde rapture est adej* a ^ 

Le dmem est par consequent refouM cgakroent de has en haut contre ia 
paioi du puita. oocnme symbolist par la flechc H. taadb que la boue 7 se trouve chassee 
vers le haut 

De preference le volume de ciment penpfeerique n'est paa sufTiaant pour 
20 attetakeUparue haute deUpr^^ U aiao n t a n a dment dans 

UamedejoBdioflentrelespcrt^ 
II). 

IfcpteTeiwKX^UpreTora^ 
c haud, prise en sandwich entre une peau internum et une peau exteneure elastiques, et 
25 munic, cote* inienciir, d Preserve conienant de la resiac apte a migrer vera rext&ieur 
pour former dea bourrekts amulaires favorisant I'ancrage et V Oancbeitd du tubage contre 
la pooi du pails. 

Une preTorme de oe genre est decxite dans la demande de brevet f meals 
94 06691 depc«eele 7 juilkt 1994 par la demanderesse, et daaa son extension interna- 
30 tionalePCT/re9S«0902. 

Ces rerrous armulaires, repartis lout le long de la preTorme aont references 
9 ; de preference U eat prtvu une density plus grande de verroua (e'eat-a-dire un 
ecartanent plus faiUe eolre lea venous) aux extremis ha^ 

maniere a assurer une bonne ttancb&t* dans U liaison bout-a-bout dea diffcrentt 
35 ooncona. 

Le cfcauffage et la polymensation de la preTorme sont realises une fois le 
gonflage tenniD*\Upres^ 
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A litre indtcatif, U pressiou interne est de l'ocdit de 15 bin. 

Le cnauflage dc la prtfonne peut se fata soi t en introdmsant un fluide 
cfcaud a 1 'intencur do ta preTorme, soit par reactioo drimique exotoermique, soit encore - 
de preference - pur efTet Joule, an moyen de resistances dectriques (fUs chauffinta) 
5 dis|>oeees dam » paid deUprtf^^ 
electriquedepiusUltedeD^^ 

Au'trcindicstif.Utcmr*^ 
de 110k 14(TC.etladui*decetlea4*€*^ 

Lonque la pdymensatioo des vemw 9 ei de la para de preTcrme est 
10 terming eique leciment 6 a fait sa prise (figure 12). on retire Poutillage 500. 50, 51 
(flecheK, figure 13). 

On tnstalle aloci un ouul de coupe (501) a l'cxtrfmitf du tube 5, et oa 
decoupe le maocboo d'etar**^ de 1 'cxtremitf haute de la prfforme (jwlymerisee) 4' 
(figure 14), qu'on anacbe ensuite. On opere de la intoe maniere pour le inancboo 
15 infeneur. 

OncMeataicountnmcaidec^^ 
meat le cubage pieceVfcnt 2 (voir figure 15). 

L'operatfon qui vieut d'etre deaite est Wen scr rfiuWe, troocou apres 
troocOfviJind'obwiiiUpixrf 
20 DmunincAde realisation p« 

compose* a 30% de resine epoxy et a 70% de fibres de vow, ceoe ante ayant one 
eptisscur de Tocdre de 14mm ; tea pcaux ioteneure et exrerieure. en caooldiouc 
tynthftique, out respectiremeot tme cpaisseur dc 2mm et dc 6mm environ. 

A tftre tndicatif , la portion principale de la preTorme 4 possede, a Ttet 
25 de^^undtametreimiriettr 

184mm, tandis que la portion elargic 40 poesede un diametre interieur de Pordre de 
188mm et un diamine cxtfrieur de 1'onftre de 236mm. 

Let portions 30-32 et 31 du puits oot dea diametre* moyeas de Tofdie de 

197mm et de244£mm, refpeonvement 
30 Uilonguem des Senate nxmco^ 

simpUtitre indicate* longueur 

La figure 16 reprtente un puits F chemise" par un ensemble de trots 
troocons2A.2Bet2Cabouteset 

La figure 17 reprtsenteachematiquement ime installation de tete de puits 
35 c^permetderoettrcenceuvre 

Sur cetle figure. U tfte de puits. reTera^ee 55. est equipec d'uoe itructure 
m&sHique (chassis) 100 entounnt la Itede puits. 
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Cede structure 100 pone un injectou 101 pourvu d'un sabot d'appui 102, 
et servant a supporter et a pousser to different! matcYicts tonqu*il$ soot desceodus dans 
lepuittou retire* decttai-ci -.dlesetioovxirspiombdcreotrteduiwts. 

On a design* par la inference 54 on tambour de stoefcage sur lequet est 

ainnUcctopitfora;^ 

UrcTlrence 540 deagneun sabot de support etdeguidagedeUprtfonne 

k V entree da putts. 

Let itftenocs 56 et 57 designer* destambounsurtoqoelssoitf enrouto 
et stock* respectivemcot Us tubes (Coiled Tubing) 560 et 5. 

Lb tube 560 sen & supporter et a depiecer Toutfl de forage ; le tube 5 
(cooudc deja <I0 seit k supporter la preTonne, k amener les fluides de gonflage ct de 
itioaiUprtfonne,etiUcx»iKctw 
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polymerisation). 

L'flcctricile* est fouraic par un generaleur clcctriquc » 
15 Lartf^ieooe59d^gDeusiecabinedecontr61ederop 

De mamere dasstque, 1 'entree du putts k forer est ku tiakmeat game d'un 

cuvdage 550. 

Le trepan 1 est adapt* k rexlremit* du tube 560, lequd est deroul* du 

taabour i^oepCe«56\ support 

20 (voir figure 18> 

On precede alon au forage du trou. de rormo Aagee3.de«dn* ireoevoir 

le premier troopm (figure 19). 

AprtsmiseenpUcedcUprcTocme, dmentationctmiaeau rond,etenfin 
polymerisation ia^deceO^ 
25 on retire kconduh central (50), le tube 5 auc^ U est actacWs , enrodant«urk tambour 
54 (vide) cur laquelle 6ait initialement stockec la preTorrae (figure 20). 

UpitTormesetrouveabou^deina^ 

On deTait ensuite les connexions aydraulique et electrique avec la 
preTonne, on installe et on acclle de maniere Aaache autour de la tete du puts un 
30 appaiwDagcdestair^ 

A Taide de Poutil de coupe 501, port* par le tube 5, on decoupe les 
mancfaons dMtsodtfte* baut et bas (figure 22). 

L'dtape suvante conaiste a forer la section suivante. pour obtenir un trou 
e^3pfolongeantlctroi>9on2(rigiirc23^ 
35 Ensmte, on calibre to diametw^ 

du trou 3. i l B aide d'un instrument appropric* 1000 (figure 24). 

On met en place tme nouvdle preTorme (figure 25). 
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On la fitt deacendre dans k puiu, et on U posiaotne convenablementdns 
lc trou 3. On U cocnecte au tube 5, el an proofed* tn gooflage, I U dmcatinon. dkU 
potym&isatioo (figure 26). 

On retire le conduit central 50, qu'on remonte et qn'on enrotde lUf lc 
tambour rticepttur 54 (figure* 27 ct 28). 

On suspend I'outil do coupe 501 au tube 5.et<*ledesoeadpourd6cc^ 
lea mancbocs d'extremitd (figure 29). 

OncMc^aiindcwtroncwri 



2741907 



10 

1. Proc&tt pour foftr ct chemiser un puits, notammem un puitj <Je forage 
ptaolier, au moyen d'ua ensemble dc troncon* tubulaires - oo preTormes - sinulairea, 
imtialemem aoupies. aptes a toe repute loogitucfinalement sur elles-memes pour toe 
introdutes dans le puits, pub a toe depliecs radialement sous reflet d*une pression 

5 intenie pour prendre une forme cytindrique, ct enfin a toe rigidifiees in situ par palymen- 
saiioo de leur paroi, rencombremcat transversal d'uae preTonne reptiee Itant de 
dimension maximal* senriMement iaferieure 1 son <fiamtoe interne a i'etat deptie\ et 
lesdites preTormes (4) possAJsnt one portion d'extremite* (40) dont le diametre - aprts 
depliemenl • Wgeconau supenwa criui du rcste dc La preTonrje, ce qui permet ieur 
10 jonction bout-n-bout par embcftement avec recouvrcmenl da latfite portion d'extremiul 
(40) 9 caracteYise* par le fait que, un pteniier troncon (2) a^ 
r entree du puits, sa portion d'extremite* elargie (40) townee vers le bas, 

a) on fait passer axialement, de haut en bas a travers ledit troncon (2) , un 
outil de forage ( 1 ) , ct oo f ore a*dessous et dans le prolongement de ce troncon (2) un 

15 trou(3)de forme etdeprofondeuradapttapourrm 

b) on retire Poutil de fomge (1) ; 

c) on introduit iuw pieTcrm^ 

faisant traverser le troncon (2) deja en place, et oo la positionne coavenaWement i 
I'interieur du trou (3). » portion d'exirenuul haute venant se placer a I'tafterieur de la 
20 portkmd'extremst* 

d) oo introdutt un ciment fluide (6) au fond du trou (3). autour de la 
portion d 'cxtremite* basse de la preTonne ; 

e) oo introduit un fluide sous pressioo (8). de densite* superieure a la 
density du ciment (6), a I'intcneur de la preTonne (4) afin de la deplier radialement, 

25 pfogjeasivetnenldebescnh^ 

de la preTonne, centre la paroi du trou (3) ; 

I) lout en numtenant la pteTctme sous pra 
paroi pour Uporymenser ; 

g) le ciment ayant pris, et U preTonne ayant durci pour cocumtuer un 
30 troogcntiibolairerigided^ 

an gonnage et n m pol ymensatto 

h) on reitere Toperation pour les troncons sui rants, jusqu'i obtenir la 
longueur de puits chemise* souhaitee. 

2. Proo6de**etGo revendication 1, caracterise* par le fait ay on utilise un 
35 outUde forage ( I) dugetiietrep^ 
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radiate, i avoir un premier &ai d'encombrtment minimal, lui penacttant de passer a 
I 'inlcneur da tronfon (2) deja en place, no second 6at, d'encombre m ent intermAiiaire, 
pour k forage de la psrtie princtpalc (3Q) du trou (3) ctuntroisihtte^d'eiKombiement 
maximal, pour Lc forage de li partie (3 1 ) du trou (3 ) dectinfe 4 recevoir U portion elargie 

5 delaprfforme(4). 

3 * Pjroo&tt selon la revendkaiioo 1 ou 2. caracteriie* par le fail que ledit 
outillage comprend una l£tc (51) a double valve (52, 53) ptaccc eo partie basse de U 
pftf<xme(4),etapteadistrib<rc 
fttt done (4) et no ciment Outde (7) a I f exterior decefle<i 

10 4 a«taliatioode forage etdecfac mis a ge, destio6ealamiseenoeuvre<hi 

pioc^ selon to revewfica^ 
taedupuu: 

- one bobtne (54) de stockage et de reception, a V6m enroole; de ladite 

pr£forme(4); 

15 - une tte (101) surpiombanc l*eatree (55) du puits, ajfte a penneme le 

guidage et rintrodocttoa dans le pints de la preTorme (4) et des different* ouullages 
servant an forage do puits ainsi qo'au gonflage et alapdymerisationdelaprtfonne; 

- des bobines (56, 57) de stockage a I'fcat enrouW de tubes maalliques 
flastkpieTOentdeYormables(5flD^5)apttt 

20 dans le putts» Tun (5) de oes tubes cootenant un dWe servant a I'alimentation de la 
prtTcrme eo oouiant electrique ; 

- nn yfnfntevr de operant electrique (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding— is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 
the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal'dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
1 0 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 51. 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
1 5 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 1 88 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2 A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 
sleeves (figure 29). 

10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

1 5 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 
20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
15 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 




TRANSPERFECTi TRANSLATIONS 



AFFIDAVIT OF ACCURACY 



ATLANTA 
BOSTON 
BRUSSELS 
CHICAGO 
DALLAS 
DETROIT 
FRANKFURT 
HOUSTON 
LONDON 
LOS ANGELES 
MIAMI 
MINNEAPOLIS 
NEW YORK 
PARIS 
PHILADELPHIA 
SAN DIEGO 
SAN FRANCISCO 
SEATTLE 
WASHINGTON. DC 



I, Kim Stewart, hereby certify that the following is, to the best of my knowledge 
and belief a true and accurate translation performed by professional translators of 
Patent 2 741 907 from French to English 




Lim Stewart 
TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
9th day of October 2001 . 

Signature, Notary Public 




OFFICIAL SEAL 
MARIA A. SERNA 
NOTARY PUBLIC 
»j n.tf iot the State of Texas 

My con.aiioion exptrea 03-22-2008 



Stamp, Notary Public 
Harris County 
Houston, TX 



mo o« „oo S ,o. «*„,. m „«,„«, HOUSION . „ „ | m „ 6M<ttM M nj wm mr , WKmcrcw 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images, include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




FADED TEXT OR DRAWING 
□'BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

CHINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



